f 



, t „,«eriuzingpt e P ara ' 1 , hMein , such as 

*"* te lUa. ***** P— * ' Mch ffi trypan, 



„ 0 «rien.s-tnou.*eP „ sinth emon«nands»^ Sa ^ polyI »ers of 

Th ese " rfch is produced in 

^epi^-^ Theen^-* ^tneats. 

1 digests *»"» 2 T *1 other d^uve ~£ fce ston aon, <he 

,„e stomach, d>8 s0 that w „v,ty 

25 Thise«yma«ic^'" 
di6 es«.hecc«*f I0,einS ' 



20 



~ 2 ~ « and so are poorly 

. other digestive enzymes and 
^trd bv these other ui & 
,< are not well penetrated by 
ingested meats are no 

absorbed. . ^ pan ereatic V"** 

Mos t protetn digest resuUs = «- ^ ^ ^ w 
Pt0 ,ems leavtng — * * * ^ lte by P-a-ic P«**» ^ ^ 
Rested «, S^.^^-.-— 

W W»W*«-*"* „ Dtee in the intestinal — 

„f polypept* 8 takes <*"* , mtidK into dipeptides, 
fnrtber digestion of ^ spVl , large 

^.nopoiypeptidase and seve^ P* > ^ ^ ^ OTterocy tes« *t ^ ^ 
tnp ep«des and ammo aotds ** - ^ the rema , m „g pep 

viV1 , mside the — 'J entertheblood. 
cons ,i t nen,a m inoaeids,*cl. to en 

f r , s firs, requires emulsify by We M digranv e enzymes 

Digestion of fats W « lipase s are water so ^ ^ 

int0 new Uiglyeri-ies. A 

ii^rntofreefattyacrd, ^ ^ „ ^ .0 £ 

Dlg est,on therefore ^J^^u>^*°~"J^ into 
vanM scel,of.bebody. ^ ^ ^ catabo^ ^ 

forms reared a mW energy 

includes storage of hp'ds 



^ 0 
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_ 3 - 

a part of an organism's 
M compounds. Digestion may also occur * or 

— — 

• f digestive enzymes are theretor 
Preparations ofdigesuv 

and animals. secretio n, preparations of 

^n P»-,c ~- ^ HP , Please™ - ^ 

ultras e™ ^ U,«a S e™ * ■ and Kuttas e™), « "JL-t 

patl e„t nation. The ^ ^ include pancr ea«c a ig est,ve 



\0 
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„. trypsin, ana ***** — ' 

eraym e, o, P— • * th ;^; coopo »e„, pep*s ana an.no ^ ^ 

environment (about pH 8) P ^ chemica l comp 

-i rrz^-* r:r: rr- — 

1„ ,ne a^ en^s ,n terms 

attack. 



10 



4 dases are Vikw* administered 

f other digestive enzymes, such as give™ ' x . Unke d recessive 
Preparations of other d g Fabry d,sease ,s an 

.^peuticany » -an pa,-s. ^ ^ lysosom „e 

storage "^^^^Z^-"** 

Clinical manifestos of Fabry ^ ^ ^ of a . 

— *-rn- — 

mU scle tissues, eventually ^ the reoi, 

fimrtional mutants or va 
glycosides, or fonctiona 

and liver, and irequ < ftme what-similar genetically ^ 

harmful entities of another J „ ffer ftoro a deficiency « P"^ ^ 
, u „gs, hone marrow and hratn. Pa - ^ * ^ of 
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D „ Macrophage* Gta <° ya 

sugar — use, to b», w o{ exMss h e ^ Hu[ier/scheie 

m0I e of tec enzymes cases m6 Hurla , S che,e 

damage ^ even.ua, dea* A™ . ^ deafll r£ su,«ns ^ 

" 8 detaenCy eL scorns -ude join, stress, men^ ^ 
resulting by age 15 years, W id „ronate-2- S ulfatase), 

prore ,ve a^^^j. .* 

^^'^rll ol, cause, * a defi^y - ^ N . 

in ary , s „, t a,ase B> a*. J ^ by . deficiency m P 8 ^ Ae 

and enlargement of the 1 ^ ^nate-l-sulfata d i«on 

breakdown of heparan sulfate a ^ ^ ^ (U . S . Paten 

can b e uea.ee oy admtnistrafon f ™ > apy inh „mans and a»m >s, 

Th ed ie e S .Weofparticularm«erest,forexamp m d derivatives thereof 

,. a sulfate and funchonal mutants, C onf.catton 13 or 

MucosulfaUdo^s) arylsU lfatases A, B and C, 

known sulfatase enzymes (mcludmg ry 
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^afness an enlarged 
* facial features, deatness, <u 

— - -msri=— -- — * 

< on leen abnormalities 01 w 
Hver and spleen, a „„;„, fl is to 

improve nutn..on. e , prepaia t,ons of !•» 

For example, in cases of lactose Lacto se intolerance rs characte 

u in need thereof. Lacui consumption 

— — -z~^~ 

f ,„h in foods including legu" 
S ° g " 0 ththefoods.snehasgasandbloa.ing. aiagr ,ostic 
assocated-ththefo ^ ae pKpared fM h 

Preoarations of digesuv potentially aan&c 

contam.nan.sorpa.hoge • mobacteri , chlamydta, n*e«^ ^ 

mUl,,C * Tel mactrvated before the product ,s used. * P ^ . 

in th e preparauon be ^ ( ^ fcr exampl e fer ^ 

preparation is to be admmtste torms of injeetton. Thts is „ 

=S§=£==S== 
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" 7 " have involved methods 

pI epara«o, 

„ ot used. Exa^es of set*- ^> howeva , „ „o. a<«£ ^ ^ rf „ yet 

tto od from W«* ^ ses , particulart y >n v« Ws reduces *. 

urfaown viruses or Cher conseq uences assocra. ^ ^ case of 

val ue or certainty °f *» - : V : thKat e„,n g — ~ ^ J^ces * - * 
? aVse negative e Fuithermor e, ,„ ^ „ 

M be desirable to apply tecnn 4 ffthe preparation of digestive 
* „ e and/or after manufacturing tbeprP ^ 

pathogens during and/o the ability of technology to m ? 



pa » 
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eMS"*"" ' Venturing the prey<"»— , 

■ „tc to determine the abimy c0 ncerns for 

ln conduct e X pe„ m en. «o d ^ ^ . resutt 

workers conduct the mo4e , virus es of ft. sam ^ ^ wft 

ta genera!, >« - «*■"** ^ ^ these, ft. «* * most oth er 

. outer sheU nrade up -j^^.*-*^^ g .onre. The 

u m for eamma-irradiauoi 
been shown tor g 

- te, ' ffid r::ll Hep* virus " 
slightly larger protein 



* 



■u the smallest corresponding virus is 

A and by extension, ma 

Hepatitis B and C and other, ^ ^ „ 

More recent — - " ^ Lanon and * — - — 

*. prodncts. SucH -hods *** ueat 
inact iva»<s or sensitizers «o the product. 



Q 

■TP 

slsa 



ft 

i ! 



^ or sensitizers to the produc . ^ ^ ?Q 

hours w„icn can oe ^ j° of the product. 

— troy 5 0%ormoreo f , h e b ^ s . 

Filtra „on tnvowes f-Uenn, *e product tn * ^ ^ ^ ^ 

Further, in certain cases, small vr 

not b eremove d h y the fi lt . ^ ^ ^ 

.edure of chemical sensitizaton involves the radiation . This 

Xrldcannot.adruinrsteredtoapatien, _ 

ta ad,a, g a product - ~- — ^ ^ giv e„ ,n * ^oses 

25 — is — » ^ « ^ ^ ,. „ 

, , , „/ "Is There Life Alter m» Transfusion Uran 

(Keathly et «'•> is ^ the Prevention of fosi 

■ „ USe of Blood Cell Irradiation in 
Leitman, Ui>e 01 ^ 
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V h d literature in this area, 
blood, blood products, enzy ^ tQ red ceUs , p fe 

been ^ ** *»> ^ 2 „ « p-tn ^ r£lJL. that 

( Uitman). »— * 4 ' 6 ^ viaW my of the protein product. Th, V** 
irra aiat,on * order ,o n-a,n V ^ ^ was «, „P 

irradiation were appuea w activity oi ui* 

h e mere remains a need for methods of 
In viw of the «— rt^eltareeffeetiverorred^eieve. 

^^--^^^-^-""^ 

ofacti vebio,o g icalcon«ammantso r pa«no B 



Summary of the invention 
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Summary 

• to provide methods of stenhzmg 

dlI ec.ed to a method fo fte prepaBllon of one 

sensitive to radiation compnsmg 



• , * . rate effective to sterilize the 
■ effective to sterilize the matenal at a rat 
wi* radiation for a time effectiv 

. , 0 . me tood for — « • 

toe preparation of one 
effective to sterilize the matenal. 



» 

Li 

h 
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e to sterilize the material. ^ ^ ^ ^ a 

M() toer emhodrment of the present invention ,s ^ ^ ^ (i) 
1 „f one or more digestive enzymes that enzymes , 0 a 

PKP Z J*- — ° f 3 PrePaB "° n e l <We enzymes from radiation; and 

patina tire preparation of - ^fo. or more d, B es.We enzymes, 
ratefora^ffectivetostenhzetheprep 

A^toer emhodimen, of the present nwention t ^ (i) 
Another em s ^ 1S se „s.n ye 

reparation of one or more ^ ■ ^ ^ ^ ^ e v^toa * 

r eductng me temperature of a prep ^ fom rad , a «on and ) 

t0 protect the preparation of one J ^ ^ „ „ effective 

toe prep-ion of one or mor . * « f moK digestive crimes, 
effectivetosterilizethepreparanonof 

M0 toer emhodrmen, of the present invention - ^ ^ ^ ( i> 

prepara :„ of one or «^^^^^^2 

an4 (ii) —8 the preparation 



25 
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♦■ « of one or more digestive enzymes, 
preparationofoneormoredg atoK d to a method for sterilizmg a 

^ — - - — "ti: ;; «» — • « 

pK paratio„ of one or - *-» ^L^^^^Z 
I p ; ing ,o the preparation - - « » fte residu al solvent con- - ^ 

sele «ed from «ne — 8 ° f ' t0 ^ preparation of one or more d S 

of one OI more digestive enzymes, (t» « ^ , he ^..on of one 

- ,east one stabilizer, and (c) reducmg the temp «»«. 

- ,, — ^ - - - pteparalion „ one ot r 

Jiation a. an effective rate for a time **» » ^ oriet and are 

togethereffectivetopro.ecttheprep comor ismg a. teas, one preparation 

the preparation of one or m 
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radiation. 
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n - •• arising at least one preparation 

of one or mo re digestive enzymes in - ^ ^ for its tat ended nse 

lev e, effective to preserve the preparation of o 

Mowing sterilization wtih radtation. mDrisin g a. least one preparation 

- - — and wh ::r p^ - - — ■ for 

together effective to preserve the P P 
flowing sterilization with radiation. 
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■■ nmorising at least one preparation 

of on6 or roM e drgesttve e M ymes ^ enzymes for * — - 

• to oreserve the preparation of one 
effective to preserve 
foll „w,„g sterilization with radiation. 



BrirfDescriptioaoftheDra^gs 

f , n nhiuzed trypsin following gamma 
1 A IB are graphs showing the activity of lyophtltze ryp ^ 

Figure 2 >s a graph show »_.__ ^jh,^ 



3P 



irradiation 



U irradiation in 



in the presence of a stabilizer 

the absence or presence of a stabilizer. 



lhi lized trypsin following gamma 



f i lhilized trypsin following gamma 
» AA 4B are graphs showing the activity of lyophmzed W ^ 

U Fig« es 4A " 4B ^ g P of a sta bilizer and at varying levels 

% nation in the absence or presence of as 

^ content. in following gamma 

5A 5B are ^aphs showing the activity of lyophthzed ^ 
Figures 5A-5B are gr P a( vary , ng levels 

nation in the absence o, presence of a stah, 

h . 2 the activtty of trypsin suspended m polypi- *** 

following gamma irradiation 



• „f trvnsin following gi 
the activity of trypsin 

^""^"Ilc—ionsofs-zers. 



amma irradiation in an 



7 is a graph showing 
aqueous solution at varying 
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,• e effect of ascorbate (200 mM) and a 
Fig » re s BA-8B are gels showing ; the ^ ^ ^ ^ ^ ^ 

Piepara,i0 "' . mAa te on two different lyophihzed enzyme 

Flgure 10 shows the protective effect of ascorbate o 
p^arationsCa.ycosrdaseandasuifatase,. ^ ^ ^ a 

Figur es UA-I1C are gets showing , Qn a 8 , ycosW ase 

com binahon of ascorbate (200 ^ - 



%0 preparation. 



Detailed Description 



of the Preferred Embodiments 
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A Definitions ded t0 

, • i and scientific terms used herein <u 

As used herein, the singular forms a, an, 
the context clearly dictates otherw.se. t<j 

mran any prep-on denved or ^ substance into a second substance 

enzymes involved in the breakdown or — " ^„ examp ,es of d.geshve 

lularly proton lip*) —* — 

enzymes include, bu, are not hmtted ,0 mtra« _ ^ m th e 

pre L in o, tntroduced mto the d,es^ - ^ ^ ^ nutnents or 
meta bo„sm, cataboltsm, storage, £~ ^ „ such as the 

fte breakdown products of ussue and/or 



4» 
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ch as trypsin an Q 

£oUowin , P ^ — - - 

— ^r-r ' 

intestinal enzymes, includi g ^ &s ldurono date 

one active biological — an. or pathogen 

,„ the present invention. ^ ,„ mean a 

^oestive enzymes, nmy rt iUnaens include tne v<m 

paramyxoviruses, cytomega parvoviruses; bacteria, 

viruses, toga viruses, Epstein-Barr virus. ar^P ^ paiaslles , sue as 

Brfte , W*- S '^ CCUS tils species; ye3S,S; 

„ a and malarial parasites, including , mi pnons and 

::::: - — — : - - - — - - 

"LI agents responsible, alone or in combin « - ch . ^pie, transmissible 

Ilsm^e spongiform observed ,n mule deer and *), H» 

1 encephalopathy, chronic wasting <- »" «~* ^ m 

)ak „b disease (including vanant or ^ ^ herein> th e term 

Usler—er syndrome; « - ^ , ^ ^nan, or pathogen 

logical contaminant or pathogen,. n« 
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• m bination with another factor, 

A5 »sed h„e.n, .He «» - « * exposed, - as W 

being suspended or dissoiv 

physiological characteristics. . g intended t0 

. t rm -a biologically compatible buffered 
As used herein, the term a 8 ^ prope rties {e.g., 

„,tiWe solution having a pH ana ma tenal(s) 
mean a Mologically compel s ^ ^ mtegnty * 

, 5 .d „ .scenic « LL^oseofs^Hn.-^. 
^.ed — areknownandrea ^ ^ tW 

As »sed to e ta , - - " J.-^IT. - - - — f 

„ s Use .o * ^ <* 

W are no. Wrf «. <* « ^ 8 „ effectiv e a, ,uenc ta ng both Typ 

pneodynamic reaOons, and >> ^ ^ „„, , im , led * ft. * ^ 

•n arid dihydrolopoate (DL o,» leic ^ lmoleic an v 
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MAC) glutamic acid, tryptophan, 
. . te eo f such as hist*. I so dium azide; enzymes, 

teiVat, Tr; e'ety. »* ra * i0nine '' m , I* ,s derivatives, such as 1,3- 

sodium caprylate, N-acety ^ acld ffl d 

u peroxide Dismutase (SOD) ana ^ lutattaone and 

such as Superox, iourea; al ,opur,nol, tools A> ^ 

d, m e<hy,unc acd and «™« ^ „ selem »nv, — s * ^ 

glu , a ,hione and cystetne; trac e and palmttoy > ); 

C( i„c,udin g its delves and sai s s ^ md a ,p„ 

.taruin E * — 7 f 5 ^ tianrethylchroma-2 car.oxyUc ae^ °^ 

, ,u,rfr 6-hydroxy-2,V, a lc : n . tris-3-methyt-i P ut ' 

ChKm r:t lns proteins, such as gelatin - *- - ^ ^SO, 
^ Tio'VcMS^ citron puercetin; ^ ,,,dirhiane- 
pyrazolm-5-one t m ethoxyp ^ 

pipeline diethanesulfontc acd <P ^xyanrsole (BHA) 

4 5dioV reducing substances, such as » ^ la z3ro, 

, <BHT)' cholesterol; probucol, Pego rgotem (PEG 

peptides, such as " ^ ta derivatives mcludmg but 

■ :r-r- - ---rir -i - — -— - 

Ty pe 11 photodynamic reactio ^ 

easllyrem ovedbyevaporat,on,lowPtes ^ ^ ^ ^ 

As used herei, the term — J, _ ^ enzymes. 

A " &eely avai.able li,uid in the preparation of ^ . sopropanol , 

proportion of freely wata or organic ^ d t0 

acetone, polyethylene g.yc, ^ouents or , - 

as water 

, complexed with one or »» * * ^ residual solvent contend 

referenced herein refer 
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" l7 ~ . n i J Biol. 

„ 1Q 1Q59- May, * a ' ' J- 

4 Boyd 3 ' Evasion and «— *• 

S , anl )a*a.,o«. <« 49 ^ by near tnfrared sp ^ iependmg 

As used berem, the term ^ pnon ^ p ^ 

pa ,ho g ens, rendenng *» ^ , shorter tu ne of ^ ^ l0> the 

th ese»stt,e, — 7^ valives ana -o, (--^, ( ^. 

"TJH - -* ^ * Hi -— ,on " 

inacli nes an. *« moiety, -* * ^^ynn; 

tel08 en snbst-tnen, - ^ pounds • " Natives of 

pbospbonium - - halogenated « meui « daiv a,ives, 

pht halocyanines; K»» ' * hyrm derives, ben J 

^opo^nn — hy drod,be M oporpby<» .J^^ 

.etracarbethoxy hydro yci „, whroh « be m ^ hypencffi , 

dipr opionamid, * 4 S . 50J (A UE -po- ' 540; 

^ne^BD peP^ ^ ^ denvatW es>, *» • 

methyl ene b, U e, «- '^^^andSEpeP*. 
photoactive compounds, sue 

^ ;«tp.ndea to 
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.otoactwecontpo^.sucbasbe.apten, 

• m e term "radiation" to t one or more digestive enzymes. 

Asu sedberem>e, ™ nai . ate4preparatlon „ f one rf 

stenfa e at teas, some com - << ^ ^ ^ W «, 

™- ° f rfa,ion m r» — * Bons - ^ r :t - 

* MmC ^e:.roma^ W d,suc h asrad-o»ve, 
(originating in a varying 
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, rtrion x-radiation, and gamma rays 

polychro ma,io - ~ ^tX^^^^ 

*-* ^ ' S tltla rays, and non-ion* — , sue * 

■ Elated materials) radiahon, such as gamm ' . he Section of a spec.fic 

s ------ 

source of radiation is not crUicat prov.ded ft. Bdiation „ usua»y 
Z at an appropriate rate to effect Ia ^s L produced oy maenines drat era,. X- 

rlced, isotopes - O-^^-^ „ . method ~ as .-beam 

— • 

irradiation that involves their p 



>9 

few 
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on fta,invoWes,neu,.~- mean to reduce any damage to the 

As used herem, the - » ^g — - - — ^ ^ 1 

pre para,,on of one or more digestWe ^ fce safe md effe ct.ve us 

le irrad.ationof.hatma.enal.toaleveimatt ms ^ ^ ,. prolects a 

! I materta! foUowing * ion if the presence of «suhs»ce or 

Lparationofoneormoredigesttveen^ ^ ^ inad>ation ftan ,n ft 

arrying out tha, process resuUs m amag^ ^ ^ ^ ^ ^ m y 

absence of that substance or process. Thus > P ^ ^ „ fol omn g 

; u sed safeiy and effect,* after trradra tn P ^ ^ ^ be ^ ^ « 
perforo ance of a process « ^I^hu, in, he absence of, hat — orfte 
effeclively after irradtanon under tdenu 
performance of that process. 



. (0 a meth od for 

A « Pre-ed en-— of *e prese* ~ ^ „ ^ . Ration 
slenfa mg a prepare of one or more ^ ^ ^ 

material from radiation. 



10 
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• directed to a method for 

^ *~ — - , — . — 

stenfeing a preparation of one or more ■ - ^ ^ ^ ^ 

comprising: (9 a** » a * ""^ „ f one or more digestive enzyn.es from 

, n I amount effective - — tTXTo^^veen^wn, — - 

an effective rate for a tune effects ^ ^ ^ ^ 

^her ^ — - * ^I^It ,s sensitive . — 
rf zing a prepare of one o, more d,g^ * of one or more digestive 

omprtsmg: 0) — • * — ^ Ln o t one »r more festive — 
enzymes «o a tevei effective to protect r e prep- ^ ^ ^ at 

— :rrr^ - ~~ ° f - - - d,sKtwe 

an effective rate for a inn 

e ° ZymeS ' f the nresen. invention is directed to a method for 

^er preferred embodiment of th P-- ^ ^ , 0 , adiatl „ n 

st e ri «z,ng a preparation of one « ^ 0 L or more d, 6 e S ,We enzymes .a 
uprising: (i, reducing the temperature of a ^ ^ ^ radi m d 

, eve , effcctive to protect the preparation of o« or m^ ^ ^ ^ ^ ^ ^ 

rateroratimeeffectivetostenuzethepp 
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• dire c,ed to a method for 
preferred emhodiment of the^t — . ^ ^ ^ ^ 
st e n hzmg a prep-ion of one or more d^ £ ^ , 

.ompris-ng: (.) apP^S - *• a) reduc i„ g the res,dua, soWen, content of a 

pI0 cess seiected from the group con,s« S of W ^ ^ of „ 

Reparation of one or more digestive enzyme, (b) ^ rf ^ 

^ive enzymes a, .east one staler a ^ J ot on e or more drgestive 

one or more d, g e,,ve enzyme, £ J^^P"^* ~ 

enzymes with radiation a. an effective rate 
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and the rate of irradiation are 
or more digestive enzymes at least ^ preparatlon 0 f one o 

^----^rr^i - - ■ «- effectwe to rite 

digestive enzymes with radiation at an ^ ^ ^ processes 

• „f one or more digestive enzymes, orepa ration of one or more 

preparation of one o ^ tQ protect tne prep 

performed in any order and are tog 
digestive enzymes from radiation. 
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-e enzymes from radiation. ^ ^ ^ ^ 

wording to certain methods of the ^ ^ 'j the Ration of one or 
~ aipestive enzymes pnor to effective to 

preparation of one ui 

empmcanybyonesBUedinthear,. the ^nal solven. content of the 

, hat is effective to pto.ec. .he prep— of one ^ features of to 

, „f residual solvent content may vary P Mtme 
Suitable levels «*» ^ ^ employe d, such 

particular method© of the P 
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■43 



ore digestive enzymes and/or stabilto 
being used, and/or the intended use of the prj ;n ^ ^ ^ may be 

acetone). f more digestive 

e^es is m a sohd phase, the - 9% , even tnote W ic* - - 

typica ,, y iess than about 10%. effi ^ about 3.0%, mote prefer* iess than 
1, «. usuaiiv iess man about 5%, *» «« ^ ~ ^ f t 

~ ~ -srr r - «* - - p — ,ks ,hm 

0.5«/o, still even more preieramy 
0.08% 
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preferably a non-aqueous 

* soWen, may preferabiy ^''^^^^^ 

no ,a,ueous soiven, that is not prone .0 the — ^ ^ f()rmation „ f free- 

1 ,L ot no d.ssolved o*y 8 en or otbet^ C > ^ „ more 

ra dica,s upon -ation. Voiattie no ^ ^ „ ^ ffld aeetone. 

P— — ^ . r-fc< *— — ' 

„ certain embodtments o f tbe present,— ^ ^ fc ^ ^ ents, 
md a non-aoueous soWen. or soivents, such as efta ^ ^ ^ formaUon 

of ft e,rad,ca,s upon irradiation, and ^ ^ ^ oxygen other 

^eformationofnee-radieaisupon,^^ ^ Volat , le no, 

gas( es> that - Care) prone ,0 the — ^ are mucous 

aqueous soivents are part,e« « • 
events that are stabihzers, such as ethanol 



10 



y 
s\ 



„ the residua. soWent. water, tl-e residua! solvent 

In . preferred «^^J^ V ^^*^"~°*" 

con ,e n .o t a M o 1 o,ca,-e ri ansre^cedo - S ^ g „ 

. — solvent .ha. , capa le of ^ ^ ^ has M e or n 

dissolved oxygen or other gas^ , 

irradiation. j Went CO ntent 

may b e accomplished by any of a — - . f « ^ ^ within m e 

I centratio. In «* — • «» ^ , JLally - « *~ ^ ~«* * 

solv en. may be increased t o gene* * ^ ' ^ . ^ ^ , 5% , even more 

preferably at least about 20/c sua 
at least about 50%. 
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abOU ' 50% ' , the residual solven. content of a 

In eertain embodiments of the present — ^ ^ ^ ^ ^ 

Such a range for the preie 
.etennrnedemptncallybyonesUlledtntbeart. 

, tv, P nrv of operabihty, it is 

mile no , wtshing to be bound by omof *« preparation of one or 

reductronm-dualsolventeontenueduces^ed ^ ^ ^ ^ ^ 

more dtgest-ve enzymes, reduces the ***** ^ ^ ^ ^ ^ be 

rKtric , tbe solum,,* or dtfmsion of th *** rf ^ „ _ digestlve enzymes 

achieved by lowering .be temperature »f th P P ^ ^ reduce m e 

b e,ow its euteCc pen. or below „s free.n^m, V ^ ^ ^ 
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h as below the eutectic 

may va ry depending upon certatn «™^ fc , of ^ ^icuiar preparation of one or 
b eilg employed, such as the na«e and characters. _ rf fte 

I * enzymes an* stabihzer ^ , de— empiric* by one 

Tone r more digestive en.yn.es merefore he a ieve, of damage that 

Led ,n .heart. An-— He,eve, . ^ ^ ^ ^ 

l, d predude the safe and effective use of ^ ^ ^ „ mMe digestl ve 

" Lhzed. pa,^ - J^es _ ,o one - - 

enzymes may be determmedusxng any 

the art. 
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*io„ of one or more digestive enzymes may be 
The restdua, soWen, content of a prep-« o ^ (n ^ ^ fcr 

- * ~ ,o i;::— v.-- — - - — (w,,h 

concentratton.cen^ dspaHrytag . 
^outthepnoraddtfono 

AP^^^ST.- n^ore preferred is 
of on e or more digestive enzymes » W> 

fo „owingtheadd,,ionof ascorbate. ^ ^ rf ^ 

^ther particuiariy — — * ^ ^ ma y he a—hed by 
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are d„cedre S idua,soWen.co n .en, ^ ^ ^ ^ 

ACOTtog . — — - r "ss^T- — * - — 

digest We enzyn.es ,o be -"t e r" — ,e prepa^on - one . - 

JLn and avaUabie » one «- » *» * F „ sur(ace 0 „ abio^ica. ornon- 

wmes to be sterilized may be present 
digestive enzymes ro u<= 

biological substrate. radiation 

r- ^ Q r>rp«ptit invention may « c<u j 

effect , ve for *. —on of one ^^n-y*.^ 

^^-^-""^rirS- ^ *a— * radiation, — 
E-bean, P^e ^ ^ ^ ot 



is 
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25 



„ agn e.,c ~. ^ ^ M m(jre 

^ . - — . - -;7;:;ii : d :j : a — - - 

diges .We en^es to be ,en te ed is — » * ^ ^ SultaM e 

,„ Lvanon of one or n«e **** in Lures of the nre, h ods of *. P-en 

rates 0 f irradia.ion .nay vary ^ J^j^,*. of .He partie* ****** 
, nv e„»o„ being enjoyed, sncn as *e n^„d ^ ^ ^ ^ „ 

on eo rm o re d, 6 estWeen^es tel „ gl — • Suitable ra ,e o 

^ particuiar bio,o g .cal —an ""^aW in tto art. Preferab.y, .he ra.e of 
irra l„„ can be a— —J 11^ onproeedure. 

otherwise not desired, .^.^ may be 

Acc „,d,n g .0 ,e me,bods of fc rKOVery and ,,nre r^ 
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f the oresent invention, the rate of 
According » a particularly **** «**^ leen about M K** - 
ltra d,aUon , no. more than about 3.0 ^ ^ ^ ^ ^ _ mote 

preferably between about 0.5 kuy/ 

k Gy/hr and 1.0 kGy/hr. ^ rate 

preferably at least about 16 kGy/hr., an<l 

.cordtng to the methods - »~ — r Ja time — for the 
dig e S ,ive enzymes to be sterihzed , ^ ^ ^ m of one or 

more festive en^es. Combmed «*« of me or more dtgesttve 
in the appropnate dose of irradiafon bemg apphe ^ ^ ot 

e„ z ymes. Su.table ,rradiat,on ttmes may £ - ^ „ one or more 

rad ,a tl on tnvolved, the nature and ^^'^ contaminants or pathogens 

being inactivated. Suitable -rraiauonnmesca 

art. 
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A ccord,ng to the me*ods of fc 7;^;^^ 

dig es,,ve enzymes to be — is — — ' ,„ (he — while 

mlivation of one or more acttve ^ ^ ma ,e„al. Suitable total doses of rad.atton 
notproductnganunacceptablelevelo^age, « f ^ present inV e„Ho» betng 

may vary depend upon «^ «™ ° prepa ration being irrad.ateo, 



J 3 | 



t , st75 "^a„a S ,m ro o I e PI e fc ra W ya, 1 eas. 1 OO k Gyor 

w 1 50 kfiy or 200 kGy or greater, 
^ater, such as ^ ^ ^ being 

empincaUybyonesHUedintheart. ^ effec ,ive amount of a, least one 

» f one or more di g es ti ve 

.ns^g oompouna may opttonally be ad d » *e p P ^ ^ ^ ^ fte 

Byrnes prior to — n, for ^ 
bi „wical contaminant© or pathogeny) therein, ^ ^ ^ ^ 

^e the de.etenons - J l I rt an, - .ample, 

psoralens and then den ^ ^ prepaIat , 0 „ ot 

According to the methods of the ^ „ „ „ ,0 * 

one or more digestive enzymes may occnr a P ^ preferre d 

p eparatton of one or more d, B es,rve 6niymes u irr adia,ed a, amb.en 

m odiment, the Potion of one or - ^ , h£ prepa ration of one or mor 

. According to an alternate preferred emo a tempOTt „re below amb.ent 

zr-£ - — * -"i-et^ . — - - 

o e o »ore d.gestive enzymes is prefer* 
of L present invention, the P^°" ^ ™ , offte prepar a,ion of one o, more drgesttve 

. According to another alternate preferred tempe rature above amb.ent 

,elpera.ure,suehas3rC,6r,C,7rCor S0C. « ^ ^ on „. blo , ogI ca, 
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• n f one or more digestive enzymes 
, wv the irradiation of the preparation tempe ratures can 

occurs at a tempc ^ ^ ^ 

.edeterminedempiricaUybyo- the tOT peraWe a. wl»ch madiation is 

,„ cert ain en*— ° f «" ^ , a s pent. Su* a range * 

the prefer red temper^ <* ^ in the art 

en ^esmaybedeterm,nedemp.r,ca,y 

1 Wogica! material bemgs.enh.ed. ^ ^ M „re p 

* . rtieestive enzymes is maovar , ^ pressure due to 

°" " f l or more digest enzymes is «—» J to0OT t0 tnose 

pr epara«,on of one or _ f a volatilc , oompress.on or oth may 

dose of radiation. Suitabie pressures ean ,,„„ tbepH of«heprepara.ionof 

ptesent mention, nowever, tne prepa* , KS ^ or ^uaKo 5, * 

teV ; ; /len more prefer greater tnan oteoual ». ^ ^ pH of th e 

in the preparation. Accorm g 
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"^pH^H* a. « coenzyme in «he 

preparation has maxima 
emplri cany*ones k iUedin^ 

Sin*,, — * * meft ° dS ll — •» — 16 U 
' f „e or more digestive enzymes may occu AccM ding to one 

preparatton of one e eniym es bo g ^ 

serious ,o the preparauon of o » ^ ^ „ h ld , ^ 

pref erred em—, *e prep» »-> ^ ^ „ employe^ » 

atmosphere or an in.-^ ^ ^ ^ „ argo,-^ J 
pr eferably compose* • ^ Accordn* ^ 

m0 ,ecular weigh, noble gas, ^ IS h ,d „n ^ 

em bodiment, the P*-» ° f ^ preferr ed embodmtent of the pr*en< " 
being Adding ^ ,, m d or - --^ 

reparation of one or mo* d, ^ ^ „ Mtam or argon m P 

vac „um or an « atmosphe re (P refera V ^ ^ „ „ adiat ^ 

^*-r;ir— elofrbepresenr— ^^^arly 

„ dissolved in the liquid, pnor to irr ^ ^ 0 f the m 

oxygen, dissoiv deg assing may oe y 

action, such as lyopniW-. Sueh 

taown to one skilled in the art. ^ ^ digestive 

— r: t. - ---- - 

t „e preparation in a contamer app ^ ^ ^ herein 

may be emp.oyed.0 further m,n,mrze -estra 
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• ■ o^miate effectiveness of the 

irradiatl „n process on the bio.ogtca, — «« > " enzyme s may aiso be 

the use of a stabiiize, a pan,* " ^ prior to irradiation ,o further 

, y „phi li zed, h e 1 d at reduce, .empire and kept on 

5 mi „imizeu n des.rable effects. ^ 

com monly caicuiated by determining *e dose ~ ^ rf , preparation 

ag e„t ,n a sampie, whrch is known as the D ^ ^ > ^ ^ ^ „ , he d 

of one or more digestive enzymes may ai o » ^ ^ physiological 

of nation reared toeUminateal! but 37/. of. 

characteristics. 
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^ „ , of the present invention, the sterilization of 

In accordance with certain preferred methods of ^ ^ fa a 

. preparation of one or more digest enzyrn- — ^ . concomitant 

Urease m the D„ vaiue of the bio.ogtca, — ^ ^ ^ 

urease m the D„ vaiue of the -he stenhzafon of a preparatton of one or 

wit h other preferred methods of the present t - ^ ^ in ^ Dj , vahie 

m „re digestwe enzymes is conducted under — ^ ^ ^ piefcrred 

more digestive enzymes. 

Examples 

„f thpnresent invention. Other 

ll^ — wlaccomphshedusin^Cosource. 
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EXamPle 1 • tP a (45 kGy at 1 .9 kGy/hr) alone or in 

th e presence of a s,abiU» (^m — >00 mM) 

content. 

th 100 niM sodium ascorbate (10 mg/ml) were placed 
> .UU^sof^sinaloneorw h W0„ ^ ^ . 

in , ml vials. Samples were prepared ^ *P ^ „ ^ or a combl „atron 

^ 4 °° a 10 mT) ' and men diluted 1:10 for assay. Assay 

S AU samples were resuspended m > 1 ^ „ 3(w0 ug/ml was serially 

fl conditions: 50 un,ts/ml trypsin per well + BAP ^ ffid absMptlon 

* d,,uted 3-fo,d down a 96-wel. plate, ass. was , ^ ^ ^ was 

0 re ada tb o t M05a„d620n^a,5and20mmu^ 

S va ,ue over time between 5 and ^ 
5 determined in Sigma Plot usmg the hyperbo 

ReS "" S ^ ,o 45 kGy total dose gamma- 

In me absence of ^^^7^ — — °~ 
matron showed recovery f 74* Ktivlty a, the lower residua, solvent 

leV el,,., about 2.4% water, and recovery of 85/.0 

b the presence of stabrlizer, trypsin exposed ^ ^ ^ 

show ed recovery of 9,, of control aCvrty a ^ ^ ^ levels , 

,, % wa,e,,and recovery of 86%0feon.ro! acttvrtyatl 

about 0.7% water. 
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The 



results of this experiment are shown 



graphically in Figures 1A-1B. 



5 „f a sUbiteer (sodium asoorbate 200 mM) 

pH levels. 

Method f ~ s tnl ^ phosphate 

, (.onn^-o——^ 

( buffa and 200 ^ so.™ ascorba* ^ £ ^ ^ ^ md ^ 
incta sWe. 400 ,1 of each soM-on was ^ ^ ^.^ed as a b-M 

irra «ed. The p-W <* -* ^ cond,,,on, 

Ass y conditions: 5 UMell «ypsin (50 UM BA« ^ read at 

ul downa^-.eUp.a.e. ^"J^^ ^ ^ ^ was 
bolh 405 and 620 n. * 5 and >^a Ic.ed — n vaiue. Tne cha» g e ,„ 



a 5 
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, ♦■ linuid (%ofcontroUctiy^ 
^ lyoEhilizedl^fco^^ 



1 5 

2 5.5 

3 6 

5 4 6.47 

5 7 

6 7.5 

7 7.8 
O 8 8.5 



91.11 

94.38 

85.54 

96.26 

90.40 

96.79 

90.62 

89.59 



69.87 
74.86 
75.77 
71.79 
75.59 
75.63 
74.55 
71.08 



§ The results of this expenmen. are shown graphically in Figure 2. 



Example 3 

• A »<rA U2 7-44 8 kGy at 2.65 kGy/hr at 
In thi s expert, lyophihzed trypsin was urad, *d £7* 
«> alone or in ,he presence of a stabilizer (sodrnm ascorbate 200 mM). 



is Method 



i,h 9.00 mM sodium ascorbate (1 mg/ml) were placed 
1 ml aliquots of trypsin alone or wth 200 mM ^pUcate and 

•Ah* at 70°C Samples were preparea in 4" v 
in 3 ml vials and ton overmght at -70 C. P 
sheeted to lyophilization, utilizing primary and secondary drymg eye 

A11 samples were resuspended in - - water, and then .hinted ,10 „ = 

11 4- RATNA substrate starting at 3U0U ^g/mi wa 
20 conditions- 50 units/ml .rypsm per well ^ ^ ^ ^ ^ 

d „n,ed 3-fo,d down a 96-we„ plate. The «ay ^ ^ ^ ^ 
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< h 15 minutes of reaction time was plotted and Vmax and Km 
value over time between 5 and 15 minutes 



Results 



are shown graphically in Figures 3A-3B. 



=plO 



Example 4 



03 



! - * 

as 



In th is experiment, tryps.n « - - ^ ^ — - 
kGy a , ,.*7 IcGy/hr a, 3.2°C> alone or in .he presence of a ***** («*» 
mM) at varying levels of residual solvent content. 

Method 

■♦>, mo mM sodium ascorbate (10 mg/ml) were placed 
1 m l allots of trypsm alone or with 100 mM dram ^ 
in 3 ml vi* and frozen overmght at -70°C. Samples were P r *«d m 

I bj ected^^^ 

a a- i ml water and then diluted 1:10 for assay. Assay 
All samples were resuspended m 1 ml water, and 

11 4- rapNA substrate starting at 3UUU fig/mi wa 
conditions: 50 units/ml trypsm per well + BAPNA n 

n Thf> assav was set up m two wen F ia 

determined in Sigma Plot using the hyperbohc rectangular e,ua,.on). 
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Results 

■ « qo/ water) exposed to 45 kGy total dose gamma- 
b ,he absence o f > ^ . stabiHKr , ^ 

— - *- rr« x - *- — — *- recovery of 86% of 

(0 7% water) exposed to 45 Kuy u> a Pia U r es 4A-4B. 

l tt o,act,vity. TheresuUsofthrsexperimen, are shown graphrcally rn F ,gures 4A 



Example 5 



• . , „„hi,ized Wpsin was irradiated (45 kGy at 1.9 kGy/hr) alone or in 



ft content. 
Method 



■a 1 no mM sodium ascorbate (10 mg/ml) were placed 
' mUU^otsoftrypsrnaloneorw,, 0 r^s^ ^ ^ ^ ^ 

UJ primary drying cycle (25 hours, sample P ^ temp 

| ofapnmarydryingcycleandasecondarydrymgcyciefSShours.samp.e 

H 5 40°C, 10 mT). 

A „ sa mp,es were resided in 1 m, water, - ™ ^ 

Citrons: 50 units/m, trypsm per we,, ♦ BAPNA substrate <™ *™£ and .sorption 

20 read a. both 405 and 620 nm at 5 and 20 mnrutes. J fa ^ 

subtr ac,ed from the vah, a, 405 nm to obtam a corrected Vmax md ^ 

.etemnneo in S.gma P,ot using the hyperbohc rectangular eouatron). 
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Results . 

In ta ahsence o f — , trypstn e^ed" ^^ri- 

5.8% water, and recovery of 77 /o ot contro 
,e, about 5. 4% water. 

j t . « kGv total dose gamma-irradiation 
]n fc presence of — , «po^ ^ - ^ ^ ^ 

*• Q7o/ n f control activity at higher resiuiuu » 
showed recovery of 97 /o of control n ™er residual solvent content levels, 

«f ono/„ nf control activity at lower residue S u 
2.8% water, and recovery of 90 /o ot coniro 

about 1.1% water. 

The results of this expert are shown graphically in F.gures 5A-5B. 



Example 6 

In this ^ ^ > m - subiected ,a 

gam ma nation a t varying ieveis of residua, solvent (water, content. 



p1 5 Method 
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! nl 400 at a concentration of about 20,000 
Trypsin was suspend m *^^Jl, (0% , 1%, * «* * 
U/m , and divided into muUip.e sample . A « ed ™ ^ ^ ^ ^ 

9%, 10%, 20%, 33%) was added to each sample, a 
contained no PPG 400. 

, . „, 4 , kGv at a rate of 1.9 kGy/hr and a 
Sm p,es were irradiated to a total dose of 45 Wy ellet tne undiss „,ved 

• a ^\m f>ach sample was centntugea iu ^ 
temperature of 4°C. Following trradtatton, each samp ^ ^ 

try pstn. The PPG/water soluble fraction was removed and the p 



alone. 
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■ rzn Ti/^n + RAPNA substrate (0.5 mg/ml) was 

- 'Tir; - - r. r-™: — « — . - - 

absorpt.cn read at both 405 an ^ 

• , qi. ma Plot using the hyperbolic rectangular equation). 
Vmax and Km determined in Sigma Plot using me yv 

Results 

The irradiated samples — g a nature of polypropylene glycol (PPG 400) and 
, Zy water) retained abon, 80% of the activity of an unirradiated hypsin control and 
_ water (up to 33 /.water) retain „„«,, irradiated under identical conditions, 

g, activity ecua. to that of a dry Oyophi.ized) trypsin ^ ^ of 

* No activity was detected in the 100-/. water sampie irradiated to kGy. 
S experiment are shown graphically in Figure 6. 



Shi 



S Example 7 



ln th,s experiment, an a q ueous solution of trypsin was sheeted to gamma irradiationa, 
varying concentrations of a stabler (sodium ascorbate, alone or ,n combination with 1.5mM 



uric acid). 
Method 



l 

Trypsin samples (5 Units/sample, were prepared with varying concentrations of sodium 
20 ascorba^llorinclbinationw.thl.SmMuHcacid. Samples were irradiated to a tota, 

dose of 45 kGy at a rate of 1.9 kGy/hr and a temperature of 4°C. 
25 obtain a corrected absorption value. The change in 
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hyperbolic rectangular equation). 
Results 

♦ uact ?ftmM ascorbate retained varying levels of 

trypsm a c tl v,,y ^: t75 ::, .rVPsinacUv^ofa.u— con.ro, -Us 
ascorbate retained about 75 /o oi me yy of 
w ere observed whh samp.es containing ascorbate in comb— w,th actd. 
this experiment are shown graphically in Ftgure 7. 



£L0 Example 8 

^ • t the nrotective effect of ascorbate (200 mM) and a combination of 

S ascorbate ^ ^ -> - — - — — ^ 

U glycosidase and a sulfatase) was evaluated. 



B 

H=L5 



, M ul total volume containing 300 tig of enzyme (1 mg/ml) were 

In glass vials, 300 (11 total wi(h 

pr epared with cither no stabilizer or the stabler of ,nte.s, mples ^ 
g amma radiafon (45 *Gy total dose, dose rate and temperature of 1.616 kGy/hr 
5 35 kGy/hr and -21 .9°C) and then assayed for structural integnty. 

Structural mteg.ty was determined by ^^^^ 
accordrngtothefoUowmgrecrpe:*,™^^^ 

„ 10% APS solutton; and 10,1 ™™££,To£* I > -er, diluted , 

fold), irradiated and control samples (1 mg/ml) 

in Eppindorf tubes and then centrifuge* for several muvute, 20,1 of 

25 ^g) were assayed. 
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■ a- , A m 45 kGy in the absence of a stabilizer showed 
Liq uid enzyme samples ^ ^^o. Much g reater 

--""T"!^^ sa.np.es — — « a 
„ of matena ^ amaf ^«*»****»«- 

combination of ascorbate and Gly wy. 



8B. 
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Example 9 

• , the protective effect of ascorbate (200 mM) and a combination of 
In this experiment, the protective nrenara tion was evaluated, 

ascorbate (200 mM> and G,y-G,y (2O0 mM) on a frozen giy-dase preparat.0 

Method 

Samples were prepared ,n 2 m, g >ass ^^^^Z 
.ution (5, m.mf, - - — ri rad.at.on (45 kGy 

21 9°C) and then assayed for structural integrity. 

Stro c,ura, ,nte g nty was detemnned by reverse phase chroma* = .0 

x 30 mm, mounted in an Apphed B.osys - » ^ ^ ^ 0 , g5% 

Solvent A: 0.1% trifluoroacetrc ac.d; solvent B. 

trifluoroacetic acid. 

Results 

, • H a ,ed to 45 kGy in the absence of a stabilizer showed broadened 
Enzyme samples .rrad.ated to kGy )ess 

and reduced peaks. Much greater recovery of ma.er.al, 




„ , „, (Fkure 9) was obtained from the irradiated samples 
reduction in peak size compared ,0 control (Figure % 
containing ascorbate or a combination of ascorbate and Giy-Gly. 



Example 10 

■ a- , A<Al kGv total dose at 1 .9 kGy/hr. at 
ln this experiment, iyophilized trypsin was ^'^^ 
«, in the presence of T* buffet (pH 7,) or phosphate buffet <pH 7.5>. 

Method 

wrt in 3 ml vials and then lyophihzed 

5 and gamma-irradiated. The — £ ^ ^ ^ c0nditl0ns; , U,we„ 
- liq »id. Samples were assayed under . ow ^ ^ altatea 3 -fo,d down a 96-wetl 

pla ,e. The assay was se, up ,n two *^ ZoJ™ subtracted from the vahte a, 405 
5 and 20 minute, The absorpUon at * ^ _ ^ ^ , _ , , 

hyperbolic rectangular equation). 
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Results 

A to 45 kGv total dose gamma-irradiation showed 
Lvopluhzed trypsin samples exposed 45 ^ ^ ^ ^ 

„ of e— all trypsm act^ty m the P r^ ^ ^ ^ 

and recovery of 88% of trypsin activUy m the presence p 

ascorbate. 



# 
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Example 11 

!n to experi.en,, ***** e„ Zy n,e prions (a s.ycosidase an d a — were 
irrad ia,ed in *e absence or presence of a — (.00 mM sodium ascorbaTe, 

Method 

Glass vials — 1 mg of enzyme we, prepared with = — or^OO 

Samples were lyophilized following — , *^^^ ittf>ilte . 

glyc0S idase without stabilizer, 3 J* sulfate with stabilizer, 1 ^ « 
0 7%. Lyophilized samples were irradiated with gamma radiation (45 kGy 
kGy/hr and 4°C) and then assayed for structural integnty. 

• ^KvSmPAGE in an electrophoresis unit, 6 ^g/lane 
Structural integrity was determined by SDS-PAGE. l . - th a 4 5% a^ianride 

■t 1 90V on a 7 5%-15% acrylamide gradient gel with a 4.5 /o acryiam 
of each sample was run at 120V on a / .3 

stacker under non-reducing conditions. 



n 
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, • 4^ kGv in the absence of a stabilizer 

Ly0 philized glycol samples irrad^U 

showed significant recovery of intact enzyme with only some frag 
reduced by the addition of a stabilizer. 

, ■ j- + a A /is kGv in the absence of a stabilizer 
was again reduced by the addition of a stabilizer. 



The results of this experiment are shown in Figure 10. 



* 
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Example 12 



In «. «^ *— oiitr: 

presence of a stabilizer (200 - sodium ascorbate or a comb,naUon 



200 mM glycylglycine), 
5 Methods 



Methods 

Sampl es were prepared * - each — J£ 1 

glyC0Sldase Md e,, no — - : : --; f ;:; 0 ZL * - a - - « 

. crrr^r^ ---- 

1 .^OW-**"^ ^^^^^ 

r heated at 80°C for 10 mmutes. lO^ofechsa I „„, atl25V for about 

O into each lane of a ,0% polyacry.amide ge. and run on an electrop 



IpJ 1.5 hours. 
lI Results 
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Abo u, ■* of the enzyme .as recovered followm g — of — = 
no stabilizer, with some degradation as shown m * g u md eve „ less degrad a,ion in 

the samples containing a combinatron of ascorbate and gly y g 



. . n h. ,,nderstood to those of ordinary skill 

„..,,„- m.,-*" '^ititr,-.----- 

invention or any embodiments thereof. 
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• a u ~„ »rr hereby fully incorporated by reference in 



